Abstract. The use of octreotide-LAR and cabergoline therapy has shown great promise in adults with acromegaly; however, the experience in pediatric patients has rarely been reported. We described a clinical course of a 15-year-old boy of McCune-Albright syndrome (MAS) with pituitary gigantism. At the age of 8 years, a growth hormone (GH) and prolactin (PRL) producing pituitary adenoma was diagnosed at our hospital. He also had multiple fibrous dysplasia, so that he was diagnosed as having MAS. The tumor was partially resected, and GNAS1 gene mutation (R201C) was identified in affected tissues. We introduced octreotide to suppress GH secretion (100 µg × 2/day s.c). During therapy with octreotide, IGF-1 and GH levels could not be suppressed and the patient frequently complained of nausea from octreotide treatment. Therefore, the therapy was changed to monthly injections of octreotide-LAR at the age of 12.3 years and was partially effective. However, as defect of left visual field worsened due to progressive left optic canal stenosis, he underwent second neurological decompression of the left optic nerve at 13.4 years of age. After surgery, in addition to octreotide-LAR, cabergoline (0.25 mg twice a month) was started. This regimen normalized serum levels of GH and IGF-1; however, he showed impaired glucose tolerance and gallstones at 15.7 years of age. Therefore, the dose of octreotide-LAR was reduced to 10 mg and the dose of cabergoline increased. This case demonstrated the difficulty of treating pituitary gigantism due to MAS. The use of octreotide-LAR and cabergoline should be considered even in pediatric patients; however, adverse events due to octreotide-LAR must be carefully examined.
MCCUNE-ALBRIGHT syndrome (MAS) is a sporadic disease characterized by precocious puberty (mostly in girls), polyostotic fibrous dysplasia and café-au-lait pigmented skin lesions as the classical main features [1, 2] . MAS patients may also present with a number of other endocrine abnormalities which include hyperfunctional thyroid nodules, macronodular adrenal hyperplasia or adrenal adenomas, pituitary tumors leading to acromegaly and/or hyperprolactinemia, and hypophoshatemic rickets or osteomalacia [1] [2] [3] [4] . The underlying molecular mechanism of MAS is a postzygotic activating mutation of the GNAS gene that encodes for the α-subunit of the stimulatory heterotrimeric G protein complex Gsα [1, 2] .
Recent reports demonstrated that GH excess is present in approximately 20% of the patients with MAS [5, 6] . Furthermore, GH excess in MAS is a risk factor for loss of vision and hearing due to expansion of fibrous dysplasia of craniofacial bone [5, 7, 8] . Medical therapy has been done to treat GH excess in MAS; however, the effects are limited [9] [10] [11] [12] .
Here we reported a 15-year-boy with MAS and pituitary gigantism treated by octreotide-LAR and cabergoline.
Case Report
A 4-yr-old boy visited an orthopedist with a spontaneous fracture of his left femoral bone. He underwent femoral stapling and bone transplantation. Six months later, facial asymmetry and a prominence of superciliary arch were pointed out; however, no further medical attention was paid to the condition. At the age of 8 years, he visited a neurosurgery clinic with worsening headaches and nausea. Cranial magnetic resonance imaging (MRI) revealed a pituitary macroadenoma. He was thus presented to us for endocrinological evaluation. When first seen, his body height was 151.0 cm (SD score, +4.7 for normal Japanese boy). His rapid linear growth from 3 years of age was observed (Fig.  1) . His bone age was not accelerated, and signs of precocious puberty were not found (testicular volume, 2 ml). No café-au-lait spots were found. He had an asymmetrical face and a prominent superciliary arch. Ophthalmologic evaluation revealed defect of left visual field and dilated Mariotte blind spot on the left side. Neurological examination was normal. Serum IGF-I and IGFBP-3 levels were extremely high (1160 ng/ml (50-356 ng/ml, -1.96SD ± 1.96SD for normal Japanese boy between 7-9 years old)), and 4.60 ng/ml (1.75-4.04 ng/ml, -1.96SD ± 1.96SD, respectively). Basal GH was 73.7 ng/ml and PRL, 249 ng/ml. GH was not suppressed by oral glucose tolerance test, and paradoxically increased by TRH stimulation. A CT scan revealed massive cranial osseous lesions that displaced the ethmoid sinus, sphenoid sinus and mastoid antrums (Fig. 2 ). An MRI scan showed a pituitary tumor with its infiltration into cavernous sinus and a thick osseous clival lesion displacing the pituitary upward (Fig. 3) . He was diagnosed as having MAS and GH excess by these findings. Because transsphenoidal surgery was impossible, he underwent transfrontal surgery and approximately two thirds of the adenoma was removed. The tumor tissue stained positive to GH and PRL immunoreactivity. At the same time, thick skull lesions of fibrous dysplasia were partially resected and left optic canal was unroofed. The pre-operational defect of visual field on the left side was soon recovered. In the patient's tumor tissues the activating mutation of R201C of the GNAS gene was identified. Therapy with bromocriptine and octreotide with subcutaneous daily injections was started. As shown in the Table 1 , this therapy successfully suppressed PRL secretion, but not GH (Table 1) . Subcutaneous injection of 100 µg octreotide frequently caused nausea and gradually led to the patient's poor compliance. Therefore, the therapy was changed to monthly injections of octreotide-LAR (10 mg.i.m.) at the age of 12.3 years. As no side effect of octreotide-LAR was seen, the dose of octreotide-LAR was increased to 20 mg. After 1 year treatment, the nadir GH value by OGTT was 3.5 ng/ml, and IGF-1 decreased to 322 ng/ml (115-545 ng/ml, -1.96SD to +1.96SD for normal Japanese boy between 11-13 years old) ( Table 1) . OGTT examination showed normal glucose tolerance and ultrasonographic examination did not show gallstones. His puberty gradually progressed. However, as defect of left visual field worsen due to progressive left optic canal stenosis again, he underwent second neurological decompression of the left optic nerve at 13.4 years of age. After surgery, in addition to octreotide-LAR (20 mg), cabergoline (0.25 mg twice a month) was started. The nadir GH value by OGTT was 0.35 ng/ml, and serum IGF-1 was suppressed to 242 ng/ml (287-555 ng/ml, -1.96SD ± 1.96SD for normal Japanese boy between 15-17 years old). In Fig. 1 , his adult height was 178 cm (+2.5SD for normal Japanese boy) at the age of 15.7 years. During this regimen, the size of the pituitary adenoma remained unchanged and the fibrous dysplasia of skull region has not progressed. OGTT showed impaired glucose tolerance with fasting capillary blood glucose 87 mg/dl and a 120 min value of 224 mg/dl. Gallstones were also identified. The dose of octreotide-LAR has been reduced to 10 mg and the dose of cabergoline has been increased (0.25 mg once a week) since then and have been followed-up.
Discussion
Our patient was diagnosed as MAS and pituitary gigantism by GH and PRL-secreting pituitary adenoma at the age of 8 years despite rapid linear growth from 3 years of age. GH excess is present in 20% of the pa- tients with MAS [5, 6] . GH excess in MAS worsens morbidity related fibrous dysplasia in the craniofacial bones and this condition is a risk for hearing loss or blindness [5, 7, 8] . Therefore, GH secretion in patients with MAS must be evaluated. Treatment of patients of MAS with GH excess is difficult because skull involvement frequently prevents neurosurgical excision and because radiotherapy may possibly cause bone sarcomatous transformation [13] [14] [15] . As medical treatment, octreotide and octreotide-LAR have been used with varying degrees of success, but experience in pediatric age is rare [9] [10] [11] . In recent years, cabergoline has been used, while the combination of cabergoline and octreotide-LAR can be effective in patients in whom monotherapy with either cabergoline or octreotide alone was unsuccessful. Akintoye et al. [5] reported medical treatment of GH excess in MAS patients. In 6 of the 7 patients treated with cabergoline, serum IGF-1 concentrations decreased, but not to the normal range. Further in this study, octreotide-LAR treatment (dose was 20 to 40 mg) normalized IGF-1 in 4 of 8 patients. The remaining 4 patients were treated with a combination of cabergoline and octreotide-LAR and showed an additive effect. Two patients who treated with the combination of cabergoline and octreotide-LAR were children (12 and 14 years-old). Schoof et al. [12] reported a 13 year-old boy of MAS and gigantism. They also used octreotide-LAR for one year and it was partially effective for the patient. In our patient, octreotide-LAR appeared to be partially effective; however, it could not prevent the stenosis of optic canal due to fibrous dysplasia. Therefore, cabergoline was added. This combination successfully suppressed serum GH and IGF-1 levels, but impaired glucose tolerance and gallstones probably due to octreotide-LAR were observed after 3-year treatment. Studies of octreotide-LAR to acromegaly in adulthood demonstrated that several patients developed gallstones and impairment of glucose tolerance [16] [17] [18] . In two previous reports of treatment of GH excess in MAS, no adverse event due to octreotide-LAR was reported [5, 12] . Three-year duration of octreotide-LAR is likely to cause side effects in our patient.
Recently, two studies of patients with MAS showed that pegvisomant therapy was effective [15, 19] . Further, successful treatment of 12-year-old pituitary gigantism by pegvisomant has been reported [20] . Thus, the other option would be pegvisomant in our patient.
Fibrous dysplasia in MAS can cause fracture and deformity in affected bones like our patient. His affected bone legions are spread in all bones. Recently, a number of uncontrolled studies of bisphosphonate therapy for fibrous dysplasia have been reported [21] [22] [23] . This regimen appears to be well tolerated and be useful to reduce bone pain; however, reduction or arrest in size of fibrous dysplasia lesions is difficult. Glorieux and Rauch [23] have thus suggested that relief of bone pain is the first indication for this treatment at present.
We report a Japanese MAS boy with GH excess. The therapy of octreotide-LAR and cabergoline was effective, but adverse events by octreotide-LAR occurred. To assess long-term effect of newly developed medical treatment in children, further accumulation of pediatric patients with MAS and GH excess is necessary.
